Abstract
Introduction
For a long time, the poultry industry in Zambia has been dominated largely by broiler and egg layer chicken production. In the recent past, however, rearing of Japanese quail (Cortunix japonica) for meat has fast-gained prominence in the country. Quails have a shorter generation interval (Odunsi et al., 2007) , lower feed requirement, and a lower production costs (Ojo et al., 2011) than chickens. However, the major constraint to expand quail production in Zambia is the high cost of feed protein ingredients such as soybean cake/meal and fish meal. Their prices adversely affect the cost of compounded quail feeds, reducing the profit margin for farmers, and this, therefore, discourages many would-be-quail farmers from taking it up.
A possible solution to the high cost of feeds may be a greater utilization of potential cheaper alternative feed ingredients, such as leaf meals (Odunsi et Opara (1996) . Pawpaw (Carica papaya) leaves have potential to supply dietary proteins required by the birds. This because they have a high crude protein (CP) content (~30%) with low (~5%) crude fiber levels ). Additionally, pawpaw leaves contain papain (5.3%), a natural enzyme that helps in the digestion of proteins (Singh et al., 2011) in the digestive tract, and vitamin C (286 mg/100 g), as well as vitamin E (30 mg/100 mg) (Watt and Breyer-Brandwijk 1962). They also contain high levels of base metals (potassium, sodium, calcium, and magnesium), and appreciable levels of iron (Maisarah et al. 2014 ). Therefore, pawpaw leaf meal (PLM) may not only supply dietary proteins required by quails, but also provide herbal proteolytic enzymes to enhance digestibility of ingested feed in the tract, thereby accelerating their growth. However, leaf meals are known to adversely affect nutrient utilization in monogastric animals by diluting macronutrients (Longe and Ogedengbe, 1989; Sobayo et al., 2012).
Thus, while replacement of soybean meal with PLM may be able to obviate the escalating cost of feeding quails, the same may not be said of its impact on nutrient digestion, utilization and growth performance of birds fed on it.
Therefore, the aim of this study was to determine the effects of partially replacing soybean meal in quail diets with graded levels of PLM on nutrient digestibility and growth performance of Japanese quails (Cortunix japonica).
Materials and Methods

Preparation of PLM and Experimental Diets
Fresh tender pawpaw leaves were collected, dried in the shade to a crispy feel, pounded and sieved to a fine PLM. The PLM was used to formulate four quail diets that contained 0, 2, 4 and 6% PLM as partial replacement for soybean meal. Thereafter, 150d-old unsexed Japanese quails (Cortunix japonica) were housed in a ventilated card box with an electric bulb and fed a commercial starter diet (Novatek Animal Feeds Ltd, Lusaka, Zambia) for 21d. On the 22 nd d, the birds were individually weighed, and 108 of them were selected and divided into four treatment groups of 27 quails (n = 27) each based on body weights.
These groups were randomly allotted to grower diets with 0 (control), 2, 4 or 6% PLM. The diets and clean drinking water were offered to the birds ad libitum until 42d of age.
Data Collection and Analysis
group was measured daily before putting in fresh feed to determine intake. Weight gains and feed conversion ratios (FCR) were also assessed. FCR were calculated as amount of feed (kg/week) consumed for one kg of weight gained (kg/week). At 42d of age, 5 birds per treatment were randomly chosen and put in individual metabolic cages for a digestibility trial. Total fecal output and orts for each bird were measured daily for 5d (after a 5d acclimatization period), and a representative sample of feces and orts were taken for laboratory analysis. Dried samples of orts and feces were ground through a 1mm mesh sieve, pooled per treatment on a 5d basis and analyzed for dry matter (DM; 105 o C for 24 hrs), crude fiber 
Where: Y ijk is the observation; μ is the overall mean, T i the fixed effect of treatment, L i is the random effect of inclusion level within T i , and ε ijk is the random error. Means were compared using Tukey test (SAS, 2002).
Results and Discussion
All birds remained healthy throughout the experiment, implying that consumption of diets with PLM had no adverse effects on the health of quails. The results of proximate composition of the PLM used in the study are shown in 
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Data on the performance characteristics of quails fed diets with 0 (control), 2, 4 and 6% PLM are shown in Table 3 . Surprising, quails fed diets with 6% PLM had better (p < 0.05) performance in terms of feed intake, weight gain, body weights, and FCR. Analysis of the diet with 6% PLM showed a CF content of 38.5g/kg (Table 2) , which was lower than the upper limit of 50g/kg for monogastric animals (Ochetim, 1993) .
According to Yadava et al. (1990) and Onyimonyi and Onu (2009), pawpaw leaves contain identifiable proteolytic enzymes (papain, chymopapain A, chymopapain B, and papaya peptidase A) which help in the digestion of nutrients. Papain is a protease enzyme that hydrolyzes proteins to short peptides, a key factor to increase protein digestibility and absorption, as well as growth of animals (Wong et al., 1996) . Thus, the observed improvements in growth performance with increase in the level of PLM may be due to increase in the presence of papain enzyme in the diets supplied by the leaf meal, which enhanced digestion and release of free amino acids required for growth. This view is in agreement with that of Poulter and Caygill (1985) who earlier reported that papain enzyme is an effective natural digestive aid that breaks down proteins and cleans the digestive system. Additionally, this opinion was also supported expected that increasing PLM level in the diets would reduce digestibility of nutrients. However, results in this study showed progressive increase in digestibility of all the nutrients assessed with increase in the level of PLM in the diet. Quails that received diets with 6% PLM had the highest (p < 0.05) digestibility values among the treatments, followed by those fed diet with 4% PLM, while digestibility in birds fed control and 2% PLM diets was similar (p > 0.05). The reason for is could be attributed to low CF content of the leaf meal and increase in the amount of papain enzyme supplied by PLM. Thus, 6% PLM availed higher amounts of the enzyme than other inclusion levels, hence the high digestibility.
In conclusion, this study demonstrated that PLM has potential to be used as a partial protein source in quail diets because it improved their growth performance and yielded better economic benefits to a
